Two new eremophilane sesquiterpenes, 12-oxa-1β, 5β,8,9aβ-tetramethyl-4α,5-ethano-4aβ-hydroxy-7β,10aβ-epoxy-9β-angeloyloxy-l,2,3,4,4a,5,6,7,9,9a,10,10a-dodecahydro-anthracen-l3-on (knorringianalarin A, 1) and 6,9-dien-8-oxoeremophil-12-nor-11-ketone (knorringianalarin B, 2), and a new resorcinol, 4-acetyl-6-(2-methylpropionyl)-1,3-resorcinol (knorringianalarin C, 3) were isolated from the roots and rhizomes of Ligularia knorringiana, together with three known eremophilane sesquiterpenes (4-6). The structures of the new compounds were identified by spectroscopic methods including 2D-NMR techniques.
The genus Ligularia (Asteraceae), mostly distributed in Asia, consists of about 130 species [1] . More than 40 of these have been studied chemically, and more than 300 new compounds have been isolated and identified. In prior investigations, sesquiterpenoids, pyrrolizidine alkaloids, flavonoids and benzofuran derivatives have been reported and these compounds showed a variety of biological activities [2] . In our research of the aerial parts of L. knorringiana, we found some phaeophytins with great biological activities [3] . Then, we focused on eremophilane sesquiterpenes, which are commonly found in the roots and rhizomes of L. knorringiana. This paper reports the isolation and characterization of two new eremophilane sesquiterpenes, knorringianalarin A (1) and knorringianalarin B (2), and a new resorcinol, knorringianalarin C (3), together with three known eremophilane sesquiterpenes, 1β-hydroxy-6,9-dien-8-oxoereophil-12-nor-ketone (4) [4] , furanoeremophilan-14β-6α-olide (5) [5] , and 2-hydroxyplatyphyllid (6) [6] (Figure 1 Figure 3) . A β-orientation was assigned to the C-15 methyl group on the basis of biogenetic precedents [9] ; all of H-1, H-12, Me-14, and Me-19 were confirmed as having a β-orientation. We have named compound 1 as knorringianalarin A. (1694 cm −1 ) and a double-bond (1661 cm
−1
). The 1 H and 13 C NMR spectra (Table 1) showed three methyl signals [δ H 2.57 (3H, s); δ C 31.0 (CH 3 -13), δ H 1.20 (3H, s); δ C 16.9 (CH 3 -14), and δ H 1.11 (3H, d, J = 5.9 Hz); δ C 16.2 (CH 3 -15)], the positions and splitting patterns of which suggested that the compound was an eremophilane sesquiterpene [4] . Furthermore, two olefinic hydrogen signals [δ H 7.67 (1H, s); δ C 160.1 (CH-6), δ H 6.11 (1H, s); δ C 125.0 (CH-9)] and two carbonyl signals [δ C 183.9 (CO-8), δ C 199.3 (CO-11)] indicated that compound 2 has the same skeleton as compound 4. The only difference between compound 2 and compound 4 is that the hydroxy group at C-1 in 4 was replaced by a hydrogen atom [δ H 2.40 (2H, m)] in 2. The HMBC correlations (Figure 2 ): H-1/C-2, C-9, C-10; H-6/C-5, C-7; H-9/C-1, C-7, C-8; H-13/C-7, C-11; H-14/C-4, C-5, C-6; H-15/C-3, C-4 confirmed the result. Me-14 and Me-15 have a biogenetic β-orientation [9] . In addition, the 1 H and 13 C NMR spectral data of 2 illustrated that they were the same as a known compound 4 [4] . Thus, the structure of 2 was established as 6,9-dien-8-oxoeremophil-12-nor-11-ketone and given the name knorringianalarin B. C-4) , and 112.6 (C-6)]. All the above data suggested that compound 3 was a resorcinol [10] . The HMBC correlations (Figure 2 ): H-2/C-1, C-3, C-6; H-5/C-1, C-3, C-1'', C-1'; H-2'/C-6; and H-2''/C-4 arranged the locations of the two hydroxy groups and two acyl groups. Therefore, 3 was established as 4-acetyl-6-(2-methylpropionyl)-1,3-resorcinol and given the name knorringianalarin C.
Experimental
General: IR spectra were recorded on an Avatar 360 FT-IR ESP spectrometer in KBr, UV spectra on a Shimadzu UV-2600 UV-vis, and HRESIMS on a Bruker Daltonics APEXШ 7.0 TESLA FTMS mass spectrometer. NMR spectra were recorded on Varian XTIPC-400 (400 MHz for 1 H and 100 MHz for 13 C) and Varian XTIPC-600 spectrometers (600 MHz for 1 H and 150 MHz for 13 C). Analytical and preparative TLC were run on silica gel plates (GF 254 , Yantai Institute of Chemical Technology, Yantai, China). Compounds were observed under UV light and visualized by spraying with 10% H 2 SO 4 , followed by heating. Column chromatography (CC) was performed on silica gel (200-300 mesh and 300-400 mesh; Qingdao Marine Chemical Factory, Qingdao, China) and Lichroprep RP 18 gel (40-60 μm, Merck, Darmstadt, Germany). -1β, 5β,8,9aβ-tetramethyl-4α,5-ethano-4aβ-hydroxy-7β,10aβ-epoxy-9β-angeloyloxy-l,2,3,4,4a,5,6,7,9,9a,10,10a-dodecahydro-anthracen-l3-on (knorringianalarin A, 1 
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Supplementary data:
1 H, 13 C, and HMBC spectra of 1-3.
